Research and Implementation of Relay Dynamic Resistance Detection System by 廖乐平
 
学校编码：10384                                         分类号       密级         





硕  士  学  位  论  文 
                                           
继电器动态电阻在线检测系统 
研究与实现 
Research and Implementation of Relay Dynamic    
Resistance Detection System 
廖乐平 
                 指导教师姓名： 陈  文  芗教授  
专 业 名 称 ： 精密仪器及机械 
论文提交日期： 2012 年  04 月  
论文答辩时间： 2012 年  05 月  
学位授予日期： 2012 年     月  
 













统                 
廖
乐




























评    阅    人：           
 



















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






                             声明人（签名）： 
























































The relay is one of the key components in an automatic control system, the 
remote telemetry and communications systems. it is widely used in many areas of 
aerospace, electronics, communications, transportation, and daily life, and occupies an 
important position in various fields of national economy, especially in the national 
key military engineering. Their work will directly affect the stability and reliability of 
the equipment or product, so the response of the relay performance parameters must 
be tested at the factory to ensure that products meet performance requirements. With 
the continuous progress of science and technology, relay test methods have been 
updated to improve.  
This paper considers dynamic resistance of relay's contact as the main object and 
probes into characteristics of it. On the base of comparing among currently common 
detection methods of contact resistance, this paper puts forward a dynamic contact 
resistance online qualitative examination method aimed at solving difficulties in these 
examination methods not suitable for relay production-line online detection. The 
innovation points lies in using the differential circuit and proportional loop to make 
relay contacts dynamic resistance and the stable value peak detection separate, and 
simplify the testing structure, making dynamic on-line detection of resistance to 
become possible. This paper designs a relay on-line detection system of dynamic 
resistance based on the design method. This system which cooperates with other 
mechanical parts ,as a 60 times vibration test of the electrical machine cycle testing 
part, detects relay products and eliminates bad products based on contact point 
dynamic resistance. This system has been in practical production line and works 
stably more than a year, which shows that the proposed relay dynamic resistance 
detection method is feasible. 
 
















第一章 绪论 .............................................. 1 
1.1 课题背景........................................................................................................... 1 
1.2 继电器特性 ......................................................................................................................... 1 
1.3 继电器测试技术现状 ........................................................................................................ 3 
1.3.1 国外研究的概况 ..................................................................................................... 3 
1.3.2 国内研究的概况 ...................................................................................................... 4 
1.4 本文主要内容 .................................................................................................................... 5 
第二章 继电器测试方案 .................................... 6 
2.1 继电器触点接触电阻 ........................................................................................................ 6 
2.1.1 触点接触电阻 .......................................................................................................... 6 
2.1.2 影响触点接触电阻的因素 ..................................................................................... 6 
2.1.3 触点闭合过程接触电阻的变化——动态电阻 ..................................................... 7 
2.2 当前接触电阻检测方法 ..................................................................................................... 8 
2.2.1 标准中定义的方法 ................................................................................................. 8 
2.2.2 四端法测量接触电阻 ........................................................................................... 10 
2.2.3 双臂电桥法测接触电阻 ....................................................................................... 11 
2.3 本设计的触点检测方案 .................................................................................................. 12 
2.3.1 动态电阻检测 ........................................................................................................ 13 
2.3.2 检测电路结构 ........................................................................................................ 15 
2.3.3 电路参数选取 ........................................................................................................ 17 
2.4 总体设计方案 ................................................................................................................... 19 
2.4.1 实验条件 ............................................................................................................. 19 
2.4.2 检测系统总体设计 ............................................................................................. 19 
第三章 系统硬件设计 ................................... 21 
3.1 硬件总体构成 ................................................................................................................... 21 
3.2 动态电阻检测电路 ........................................................................................................... 21 
3.2.1 电源的选择 ........................................................................................................... 22 
3.2.2 模拟开关 ............................................................................................................... 23 
3.3 电流检测 ........................................................................................................................... 24 
3.3.1 ACS713ELCTR-20A-T 简介 ................................................................................ 24 
3.3.2 应用电路 ............................................................................................................... 26 
3.4 信号调理 ........................................................................................................................... 27 
3.5 控制部分 ........................................................................................................................... 29 
3.5.1 微控制器模块 ....................................................................................................... 29 
3.5.2 微控制器应用电路 ............................................................................................... 30 
3.5.3 下载调试模块 ....................................................................................................... 30 
3.5.4 电源模块 ............................................................................................................... 31 















3.6.1 RS232 电平转换 .................................................................................................... 33 
3.6.2 逻辑门电路的设计 ............................................................................................... 34 
3.6.3 隔离通信 ............................................................................................................... 35 
3.7 LCD 显示 .......................................................................................................................... 37 
3.8 硬件系统的抗干扰设计 ................................................................................................... 38 
3.8.1 屏蔽干扰 ............................................................................................................... 39 
3.8.2 电气隔离 ............................................................................................................... 39 
3.8.3 PCB 板地线的设计 ............................................................................................... 39 
3.8.4 其它一些措施 ....................................................................................................... 40 
第四章 系统软件设计 ..................................... 41 
4.1 开发环境介绍 .................................................................................................................. 41 
4.2 软件总体结构 .................................................................................................................. 42 
4.3 与 PLC 通信程序设计 .................................................................................................... 43 
4.3.1 通信协议 MEWTOCOL 简介 .............................................................................. 43 
4.3.2 与 PLC 通信的实现 ............................................................................................. 44 
4.4 定时器相关程序设计 ...................................................................................................... 46 
4.4.1 Atmega16 定时器介绍 .......................................................................................... 46 
4.4.2 本设计中定时器的应用 ....................................................................................... 47 
4.5 检测程序设计 .................................................................................................................. 49 
4.6 LCD 显示程序设计 .......................................................................................................... 51 
4.6.1 通信的设计 ........................................................................................................... 51 
4.6.2 界面的设计 ........................................................................................................... 52 
4.7 软件的可靠性设计 ........................................................................................................... 55 
第五章 系统调试与结果 ................................... 57 
5.1 硬件调试 .......................................................................................................................... 57 
5.2 软件调试 .......................................................................................................................... 57 
5.3 结果与总结 ...................................................................................................................... 59 
5.3.1 实验结果 ............................................................................................................... 59 
5.3.2 调试总结 ............................................................................................................... 60 
第六章 总结与展望 ....................................... 62 
6.1 总结 .................................................................................................................................. 62 
6.2 展望 .................................................................................................................................. 62 
参 考 文 献 ............................................. 64 
致 谢 ................................................... 67 

















Chapter1 Perface ......................................... 1 
1.1 Research task ....................................................................................................................... 1 
1.2 Characteristics of relay ........................................................................................................ 1 
1.3 Relay test technology situation ........................................................................................... 3 
1.3.1 Foreign research situation ........................................................................................ 3 
1.3.2 Domestic research situation ..................................................................................... 4 
1.4 Main research rontents ........................................................................................................ 5 
Chapter2 Relay Test Program .............................. 6 
2.1 Relay contact resistance ...................................................................................................... 6 
2.1.1 Contact resistance..................................................................................................... 6 
2.1.2 Factors that affect contact resistance ........................................................................ 6 
2.1.3 Contact closing process of the contact resistance changes - Dynamic Resistance ... 7 
2.2 Current contact resistance detection methods ..................................................................... 8 
2.2.1 Methods defined in the standard .............................................................................. 8 
2.2.2 The four-terminal method for measuring contact resistance .................................. 10 
2.2.3 Double bridge method to measure the contact resistance ...................................... 11 
2.3 The design of the contact detection scheme ...................................................................... 12 
2.3.1 Dynamic resistance testing ..................................................................................... 13 
2.3.2 Detection circuit structure ...................................................................................... 15 
2.3.3 Circuit parameter selection..................................................................................... 17 
2.4 The overall design scheme ................................................................................................ 19 
2.4.1 Experimental conditions ...................................................................................... 19 
2.4.2 Detection system design ...................................................................................... 19 
 Chapter3 System Hardware Design ...................... 21 
3.1 Hardware general structure ............................................................................................... 21 
3.2 Dynamic resistance detection circuit................................................................................. 21 
3.2.1 Choice of power ..................................................................................................... 22 
3.2.2 Analogue switch ..................................................................................................... 23 
3.3 Current detecting ............................................................................................................... 24 
3.3.1 Introduction to ACS713ELCTR-20A-T ................................................................. 24 
3.3.2 Application circuit .................................................................................................. 26 
3.4 Signal conditioning ........................................................................................................... 27 
3.5 Control segment ................................................................................................................ 29 
3.5.1 Micro- Controller module ...................................................................................... 29 
3.5.2 Micro-Controller application circuit ...................................................................... 30 
3.5.3 Download debug modules ...................................................................................... 30 
3.5.4 Power module ........................................................................................................ 31 
3.6 Communication module .................................................................................................... 33 















3.6.2 Logic gate circuit design ........................................................................................ 34 
3.6.3 Isolation communication ........................................................................................ 35 
3.7 LCD display ...................................................................................................................... 37 
3.8 Anti-disturbance design of hardware system .................................................................... 38 
3.8.1 Shielding inference ................................................................................................. 39 
3.8.2 Electrical isolation .................................................................................................. 39 
3.8.3 The PCB ground design ......................................................................................... 39 
3.8.4 Other measures ....................................................................................................... 40 
Chapter4 System Software Design ......................... 41 
4.1 Development environment introduction ............................................................................ 41 
4.2 Software general structure ................................................................................................. 42 
4.3 Communication with PLC program design ....................................................................... 43 
4.3.1 Introduction to communication protocol MEWTOCOL ........................................ 43 
4.3.2 Realization of the communication with PLC ......................................................... 44 
4.4 Timer relevant programs design ........................................................................................ 46 
4.4.1 Atmega16 timer introduction ................................................................................. 46 
4.4.2 Timer application in the design .............................................................................. 47 
4.5 Detection program design ................................................................................................. 49 
4.6 LCD show program design ............................................................................................... 51 
4.6.1 Communication design ........................................................................................... 51 
4.6.2 Interface design ...................................................................................................... 52 
4.7 Software reliability design ................................................................................................ 55 
Chapter5 System testing and results ..................... 57 
5.1 Hardware debugging ......................................................................................................... 57 
5.2 Software debugging .......................................................................................................... 57 
5.3 Results and summarizations .............................................................................................. 59 
5.3.1 Experimental result ................................................................................................ 59 
5.3.2 Summary of commissioning .................................................................................. 60 
Chapter6 Research Conclusions and Discussion ............ 62 
6.1 Research conclusions ........................................................................................................ 62 
6.2 Further research ................................................................................................................. 62 
References .............................................. 64 
Acknowledgements ........................................ 67 



























































框图如图 1-1 所示。 
 
 
图 1-1 继电器原理方框图 
继电器输入量和输出量之间在整个变化过程中的相互关系称为继电器的继
电特性或控制特性，当继电器的输入信号 x 从 0 连续增加达到衔铁开始吸合时
的动作值 opx 时，继电器的输出信号立刻从 0y = 跳跃到 My y= ，即常开触点从断
开到接通。当触点闭合后，输入量 x 继续增大，输出信号 y 将不再起变化。当输
入量 x从某一大于 opx 值下降到 rx 时，继电器开始释放，常开触点断开。 opx 称为
继电器的动作值， rx 称为继电器的释放值， nx 称为继电器的输入额定值， Mx 称
为继电器的 大输入值。他们之间的关系为： r op n Mx x x x< < < 。我们把继电器
的这种特性叫做继电特性，也叫继电器的输入输出特性[3~6]。如图 1-2 所示。 
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